A method was developed for the detection and isolation, within a population of lactic acid bacteria, of strains producing exclusively the L-(+)-isomer of lactic acid; the visual detection of colonies of these particular strains can be carried out directly on agar plates (50 to 70 colonies per plate). The method is based on an enzymatic stereospecific reaction involving D-(-)-lactate dehydrogenase and linked to a staining reaction; the diffusion area of the D-(-)-isomer stains red around the D-(-)-and the DL-lactic acid-producing colonies, while the colonies producing exclusively L-(+)-lactic acid are detected by the absence of the colored halo. The intensity of staining was increased when cellulose powder and Tween 20 were added to the agar medium.
Lactic acid bacteria (LAB) are responsible for the spontaneous fermentation of numerous products. Their main product of fermentation from hexoses is lactic acid, which can be produced as the D-(-)-isomer, as the L-(+)-isomer, or as a racemic mixture.
D-(-)-Lactic acid can lead to acidosis in infants (9) and in adults with short bowel syndrome (3, 13, 15) . For this reason, the World Health Organization (11, 12) recommended that neither D-(-)-nor DL-lactic acid should be added to food for infants; for adults, a limit of D-(-)-lactic acid intake of 100 mg/kg of body weight is recommended.
For those nutritional reasons, attempts to increase the proportion of the L-(+)-isomer in fermented foods (6, 7, 16) have been made, but no method providing easy isolation of strains producing exclusively the L-(+)-isomer has been published.
The aim of this work was to develop a method which would permit the direct detection of the colonies producing exclusively L-(+)-lactic acid among the various isolates of LAB obtained on an agar plate. The method was derived from the one used by Dewey and Conklin (8) for the detection of lactate dehydrogenases (LDH) on electrophoresis gels and is based on the reduction of a tetrazolium salt by diaphorase linked with the oxidation of one of the two isomers by the corresponding stereospecific dehydrogenase; the reduction becomes visible by the appearance of a red halo.
The principle of this method was also applied by Torrance (18) to detect barley dwarf virus, by Stetter (16) to screen for L-(+)-isomer-producing strains, and by Familletti and Wardell-Swanson (10) to study the effect of interferons on lactate production by mammalian cells, but these tests were all performed in a liquid medium on microtiter plates. Test in a liquid medium. The method of detection was first developed in a liquid medium in microtiter plates by modifying the method of Carr et al. (4) . The test was performed as follows. Cells from the colonies to be tested were inoculated into the wells (each containing 300 IL of MRS broth) of a microtiter plate. After incubation for 24 h at 30°C, this plate was replicated on a similar plate before being heat-treated for 1 h at 75°C to inactivate bacterial enzymes. The characterization of lactic acid was carried out in a third plate containing reactants and to which heated cultures were added. The composition of the reaction mixture was 0.1 M sodium phosphate buffer, pH 7.5, 0.65 mM NAD (Boehringer Mannheim, Mannheim, Germany), 0.59 mMp-iodonitrotetrazolium violet (Sigma, St. Quentin Fallavier, France), 6 U of D-(-)-LDH (Boehringer Mannheim) per ml, and 0.108 U of diaphorase (Serva, Heidelberg, Germany) per ml. A red coloration appeared in the wells containing D-(-)-or DLlactic acid; the strains giving no coloration, presumed to be L-(+)-lactic acid-producing strains, were located in the rep-lica plate and inoculated in MRS broth for confirmation and further study.
The liquid assay performed in microtiter plates generated satisfactory results; however, it included some time-consuming steps, such as reinoculating the colonies and adding the reaction mixture to each well. Our objective therefore was to perform this test directly on agar plates.
A first direct attempt on agar plates gave negative results. Hence, to overcome this negative effect of agar, an approach using successive steps was considered.
The influence of agar and Tween 20 on the reaction in the wells of a microtiter plate. This assay was also performed in microtiter plates, with lactic acid and the reactants being distributed in two distinct layers, gelled or not. Agar (1.2%) was added either to the 50 ,ul of MRS broth containing lactic acid (5 g/liter), to the 200 VI of buffered reaction mixture, or simultaneously to both volumes.
An intense red coloration appeared except when the reaction mixture was contained in a gelled medium; in this situation, the coloration was only weakly pink.
Another assay was made with the lower layer containing lactic acid, gelled with 1.2% agar, and the upper reactive layer containing increasing concentrations of agar (0, 0.1, 0.2, 0.4, 0.6, and 1.2%). Under these conditions, the intensity of the coloration decreased as the concentration of agar increased, which confirmed the previous results.
To test the effect of a surfactant agent on the reaction in agar medium, the previous experiment (using increasing concentrations of agar) was repeated with the addition of 1% Tween 20 (Merck, Darmstadt, Germany) in the agar layer containing the reaction mixture. An intense red coloration was obtained for all the agar concentrations tested. These results show the negative effect of agar and the compensating effect of Tween 20 on the enzymatic reaction. Piddock (14) has shown that antimicrobial agents with cationic molecular structures may be electrostatically bound to some groups of agar, which decreases their rate of diffusion; such a phenomenon may have occurred in the reaction described in this paper and could explain the difficulties encountered. Tween 20 was also added to a solid medium by Tramer and Fowler (19) to improve the diffusion of nisin. It can be assumed that in this experiment, the effect of Tween 20 is explained by the release of certain compounds adsorbed by agar or by the improvement of the contact between the different reactants in the mixture. The addition of 1% Tween 20 was thus maintained in the following agar plate tests.
Development of the method on agar plates. Figure 1 shows the correlation between the concentration of D-(-)-lactic acid and the intensity of the coloration obtained under these conditions. The different strains mentioned above were then separately plated (at ca. 100 CFU per plate) on a 5-ml MRS agar plate. After incubation at 30°C for 24, 30, 36, and 48 h, the plates were overlaid by a mixture of 17 ml of agar (1.2% agar per liter of 0.1 M sodium phosphate buffer, pH 7.5, containing 1% Tween 20) plus 3 ml of a reaction mixture containing (final concentration for one petri dish) 0.65 mM NAD, 0.59 mM p-iodonitrotetrazolium violet, 4.28 U of D-(-)-LDH per ml (except for controls), and 0.108 U of diaphorase per ml. After the overlay mixture was poured, the plates were incubated for 20 min at 30°C.
When the test was applied to agar plates, colonies were stained an intense red-purple; this stain appeared even in controls, i.e., in the absence of D-(-)-LDH, but not in plates that had been heat treated before the overlay mixture was poured. This coloration is therefore not linked to the presence of lactic acid but can be attributed to cellular metabo- The intensity of the halos appearing around colonies was too weak to permit an easy distinction between the two types of colonies. Because the use of cellulose powder to avoid an excessively fast diffusion of target molecules allowed Cavin et al. (5) to isolate mutants of Leuconostoc oenos defective in malolactic fermentation by screening up to 150 colonies per plate, the effect of the addition of cellulose was also tested in the present study. Cellulose powder (Macherey and Nagel, Duren, Germany) (100 g/liter of basal medium) was added. This actually reduced the diameter of the halos and strengthened their coloration, thus allowing a distinct screening of up to 50 to 70 colonies per plate. Examples of the results obtained with different strains are given by Fig. 2 and Fig. 3 .
For the application of this test, the optimal incubation time must be long enough to allow an efficient development of the coloration, so that the selection of false-positive colonies is prevented, and short enough so that the overlapping of the halos is avoided, since this would reduce the number of colonies that can be tested per plate. For 
